Two studies were conducted to examine the possible reduction in odors in fat and loin samples from boars treated with porcine growth hormone (pGH). In Exp. 1, boars were treated with either 0 (control: C), 3.5, or 7 mg of pGH daily from 72 to 119 kg BW. Treatment had no effect on loin eye area, muscle marbling, texture, firmness, or pH, but color scores of Groups L and H tended to be different from each other (P = .06), and Group H muscle had more free water than that of Groups C and L (P e .05). Weights of reproductive organs were unaffected by treatment (both experiments: P > .05). No differences (P > .05) were detected among treatments in odor scores of androstenone and skatole in heated fat. The number of chews required to prepare cooked loin samples for swallowing was greater for samples from Group L than for samples from other groups (P c .05), and flavor intensity score for Group H was higher than those of other groups (P c .05). We conclude that pGH improves performance of young boars but does not reduce incidence of two components of boar odor.
tion of tryptophan in the gut. Individually, androstenone and skatole account for 34 to 36% (Brennan et al., 1986 ) and 33% (Lundstrom et al., 1980) of the variation in boar taint, respectively. Castration of boars at a young age has been used as a common management practice to avoid incidence of these odors in the meat of males not destined for use as herd sires, but this reduces growth rate and efficiency of gain and increases carcass lipid.
Previous workers have investigated the possible reduction in taint in meat from boars through alternative means such as modifying diet (Gowan et al., 1980) or growth rate (Walker, 1980) , by treating boars with an oral progestin (Kluber et al., 1988) , or immunizing against androstenone (Fliess et al., 1980) , LH (Falvo et al., 1986 ), or LH-releasing hormone (Falvo et al., 1986) . However, only immunization against LH has been effective.
Recent work from this laboratory has indicated that porcine growth hormone (pGH) may alter ovarian steroidogenesis in gilts (Bryan et al., 1989 ; Hagen et al., 1990) . It was therefore hypothesized that interference of testicular steroidogenesis in young boars by pGH could reduce or eliminate boar taint in meat from these animals through a disruption of androstenone synthesis. This paper describes two experiments undertaken to test this hypothesis.
Materials and Methods

General
Animals. Young boars, approximately 4.5 mo of age, were randomly and equally allotted to treatment. They were penned indoors in groups of two (Exp. 1) or three (Exp. 2) and given ad libitum access to a complete diet (Bryan et al., 1989) ; water was freely available. Animals were weighed weekly and scheduled for slaughter at approximately 118 kg. This weight was selected to reflect the currently desirable maximal slaughter weight for market hogs in the United States, thereby increasing the probability of observing boar taint in these animals. Injections of pGH were tenninated 24 h before slaughter.
Preparation of Growth Hormone. On alternate days, pituitary pGH4 was dissolved in sterile buffer (Bryan et al., 1989 ) to a concentration of 7 mg of pGWml (Exp. 1) or 5 mg of pGH/ml (Exp. 2). Injections were given in the extensor muscles of the neck, alternating left and right sides on alternate days. Control (C) boars in l3p. 1 were injected w i t h 1 ml of buffer.
Experiment 1
Duroc and crossbred (Yorkshire x Hampshire x Duroc) boars were assigned at random to one of three treatment groups (10 per group): 0, 3.5, or 7 mg of pGH daily. A group of 10 barrows was handled similarly but served as contemporary negative controls for sensory analyses only and was not treated.
Breed was balanced across treatment. Treatments were initiated at approximately 72 kg of BW. Blood samples were taken weekly by venipuncture for subsequent analysis of testosterone 0 using a radioimmunoassay kits.
Feed usage was recorded by pen to calculate f e d efficiency @E; kg of feed/kg of gain). At slaughter, reproductive organs were removed, trimmed, and weighed. Cauda epididymides of all boars were lacerated to express fluid onto a glass slide. The slide was then examined microscopically to determine whether spermatozoa were present. After chilling for 48 h at 2'C, carcass measurements and lean quality evaluations were made. A section of longissimus muscle (loin, 15 cm; 8th to loth ribs) was removed and deboned. Skin and subcutaneous fat were removed, leaving no more than .3 cm of fat on the roast. Prepared loin roasts were then frozen for subsequent sensory analysis.
Sensory Analysis. Panelists were selected from a pool of experienced panelists associated with a sensory testing center. Only those experienced in meat product evaluation were chosen. One practice session was conducted to familiarize the panelists with samples similar to the experimental product.
Preparation of Samples. Fresh samples of ham facing, loin fat, and leaf fat from individual animals were combined, heated to 121'C, and evaluated by three experienced persons for intensity of boar odor on a 7-point scale, where 0 = none and 7 = strong.
Loin roasts were thawed and bisected. Each half was then roasted in a cooking bag in a conventional oven at 177'C to an internal temperature of 68'C or sliced to a thickness of 1.2 cm and fried, Roasts and fried slices were cut into l-cm x 2-cm sections and presented to the trained panelists, who evaluated samples for flavor, juiciness, aroma, and tenderness using an hedonic scale.
Statistics. One pen of boars in the 7-mg group was removed from the experiment due to death of one boar and chronic severe diarrhea in the other. Data from these animals were excluded from analysis. Statistical analyses were performed using the GLM procedure, and Bonferroni's procedure was used to separate means (SAS, 1985) . The statistical model for performance and carcass traits included treatment, pen within treatment, breed, and error. The model for sensory attributes included treatment, method of cooking, treatment x method interaction, sensory panel, and error.
Experiment 2
Crossbred Yorkshire x Hampshire x Duroc boars (n = 27) of similar age were allotted equally to a control (C) group or to one of two pGH treatments consisting of a daily injection of 5 mg of pGH beginning at either 77 kg BW (Group H) or 65 kg BW (Group L). This dose of pGH was near the midpoint of those used in Exp. 1 and has been used in previous studies with gilts . Boars were slaughtered at 118 kg BW. At slaughter, reproductive organs were weighed and measured, and routine carcass measurements were taken on chilled carcasses as in Exp. 1. Loin marbling, texture, firmness, and free water were evaluated visually at the loth rib. A sample of loin (10 g) was homogenized in 90 m l of distilled water for pH measurement. Loin roasts (8th to loth rib) were removed from both sides of each carcass within 48 h after slaughter and deboned. Skin and subcutaneous fat were removed leaving no more than .3 cm of fat on the boneless roast. The boneless roasts and the subcutaneous fat were vacuumpackaged separately and frozen at -29'C for subsequent sensory analysis.
Sensory Panel Training and Testing
Sensory evaluation of lean and fat samples was conducted in the following three phases:
consumer panel evaluation of lean, trained panel evaluation of lean, and trained panel evaluation of fat odor.
Lean Sample Preparation. Boneless roasts were thawed at 3'C for 48 h, wrapped in aluminum foil, and baked in a conventional oven at 177'C to an internal temperature of 68'C. After cooling at mom temperature for 15 min, the foil was opened. The longissimus muscle was separated from the roast. COM~C-tive tissue, fat, and lean (.5 cm) were removed from all surfaces of the muscle. The remaining muscle was cut into 1.3cm x 1.3cm x 2.5-cm strips and placed in covered sample containers for presentation to consumer and trained panelists.
Consumer Panel Evaluation: Lean. Consumer panelists were recruited via notices posted in public areas near the sensory testing center. Only panelists who eat pork were accepted Each panelist was presented with samples representing the three treatment groups. The order of sampling was randomized. Panelists (n = 60) scored pork flavor, tenderness, juiciness, and overall opinion using a 9-point hedonic scale.
Trained Panel Evaluation: Lean. Trained panelists were selected from a pool of experienced panelists associated with the sensory testing center. Training sessions (n = 3) consisted of familiarization with reference samples and practice with pork samples similar to the experimental product. After each training session the results were summarized and reviewed with the panelists.
Trained panelists (n = 6) were asked to report values for hardness, juiciness, and pork flavor intensity using an unstructured scale with reference point standards. In addition, they were asked to indicate the number of chews required to prepare the sample for swallowing. Reference standards for hardness were peanut, olive, and hot dog (Munoz, 1986) . Juiciness reference standards were prepared by heating boneless pork loin roasts to 63'C (moist) or 82'C (dry). One pork flavor intensity standard was used to represent a midrange value. Reference standards for this trait were prepared in the same way as the test samples using roasts from the same carcass throughout the study. No reference standard was used for the number of chews required to prepare the sample for swallowing.
Preparation of Fat Samples. Subcutanwus fat samples from loin roasts were thawed at 3'C for 24 h before placing 5 g of fat in a 20-ml scintillation vial with a polyethylene aDiffaent from comsponding control value (P < .OOOl).
bifferent from corresponding 3.5-mg treatmeat value (P < . @I ).
lined screw cap (Brennan et al., 1986) . Vials containing fat samples and those with reference samples of andratenone (5-androst-16-en-3-0ne)~ and skatole (3-methyl were heated in water baths at 80'C. Reference standards for androstenone and skatole containing .6 or 1.4 pg/ml and .1 and 0.5 pg/ml, respectively, were prepared in rendered lard. 
Results
Experiment 1
Treatment of boars with pGH improved FE 19.3% compared with control boars (P e .OOOl; Table 1 ). Boars in the 7-mg group had improved FE compared with those in the 3.5-mg group (P = .03), but ADG was not affected by pGH treatment. Boars treated with pGH had less backfat thickness at the last rib and less average backfat thickness (P < .05; Table 2 ), and carcass length was greater for boars in the 7-mg group than for C boars (P < .05). Marbling scores were lower in pGHtreated boars than in C (P e .05). Weights of reproductive organs were not affected by treatment (all P > .l; data not shown).
Spermatozoa were present in the epididymides of all boars. As expected, average concentration of T in plasma was lower (P < .05) in barrows (77.8 f 10 pg/ml) than in all boar groups (C, 5.38 f .53 n g / a 3.5 mg, 4.10 f .49 n g / e and 7 mg, 4.90 f .67 ng/ml). Concentration of T in plasma was similar (P > .Os) among boar treatment groups and across
Weeks.
Boar odor intensity scores of pGH-treated boars (1.55 f .59) were intermediate to those of barrows (.9 f .32) and control boars (2.9 f .79). Aroma scores were higher for fried than for masted loin samples (P = .0oOl) but were not different among treatments (Table 3) . Tenderness scores of barrows were higher than those of boars (P < .05), and tenderness scores for the 3.5-mg group were lower than those of control boars. Fried samples were judged less tender than roasted samples across treatments. Fried samples were judged to have a higher (P = .0042) flavor score than did roasted samples, bMeans.
'*4eValues within rows with uncommon superscripts differ (P < .MI.
fDifferent from corresponding value for roasted samples. Table 6 ) . The number of chews required to prepare samples for swallowing was greater for samples from Group L than for other groups (P = .041), and flavor intensity score for Group H was higher than those of Groups C and L (P e .05).
Consumer panel scores for overall opinion, flavor, tenderness, and juiciness were not affected by treatment (all P > .05; data not Shown).
Discussion
Despite the known advantage of boars over barrows in growth rate and FE, pGH improved FJ2 in the boars in the present Exp. 1. This finding supports the previous work of Camp- Loin muscle traits %%dues within a row with ullcommon spperscripts differ (P < .OS).
'Scored using Wisconsin Pork Quality Standards. 1 = devoid of marbling, course texture, and pale color soft muscle.
%cored on visual appearance of cut loin surface. 1 = abundant free water, 5 = dry surface. Scale values for reference standards were as follows: hardness. hot dog-5 cm; juiciness, dry standard-6.5 cm; no. of chews, no standark flavor intensity. roasted loin sample from gilt-6.5 cm.
Qifferent from both C and H values (P < .OS).
%Berent from both c and L values (P < .M).
bell et al. (1989) in which performance of boars was enhanced by pGH treatment, but the enhancement was less than that observed in pGH-treated gilts and barrows compared with vehicle-treated gilts and barrows. Treatment with pGH apparently had no detrimental effect on reproductive develop ment. Neither concentration of testosterone in plasma (Exp. 1) nor size and weight of reproductive organs and glands (both experiments) was affected by treatment with pGH. This result was not expected. Previous work from this laboratory indicated that exogenous pGH impairs ovarian function of gilts when administered for 30 or more days (Bryan et al., 1989) . More recent studies indicate that exoge nous pGH alters steroidogenesis in the gilt ovary, suppressing androgen biosynthesis in vivo . The presence of spermatozoa in epididymides of boars in all treatment groups in the present studies indicates that spermatogenic function of the testes was not markedly affected during pGH treatment. Thus, gonadal functions in males and females may be differentially affected by exogenous pGH.
In Exp. 1. a sensory panel rated roasted and fried samples from barrows and boars for a number of meat attributes. Panelists were unable to discern significant differences in aroma across treatments. However, tenderness, flavor, and juiciness of samples from boars, whether treated with vehicle or pGH, had less favorable scores than did samples from barrows. Therefore, treatment with pGH did not improve sensory aspects of meat quality in boars. In Ekp. 2, sensory panelists reported that samples from boars initiated on pGH treatment at 65 kg BW required more chews to prepare the sample for swallowing and tended to be harder and less juicy than were samples from either control boars or those initiated on pGH treatment at 77 kg. On the other hand, a consumer panel detected no differences among treatments in meat tenderness. These results are in general accord with those of Evock et al. (1988) , who reported that pituitary pGH reduced meat tenderness when administered at 70 pg/kg of BW, whereas recombinant pGH had no effect over the range of 35 to 140 pg/ kg of BW. In contrast, in that study, meat flavor was modestly but inconsistently affected by treatment with recombinant pGH but not pituitary pGH. More recent studies by Kuecker et al. (1990) indicate that treatment of gilts with 2.5 or 5 mg of pGH daily for 28 d did not adversely affect sensory characteristics of boneless hams from these gilts. It is important to note that the doses of pGH used m the present studies are similar to those of Evock et al. (1988) and Kuecker et al. (1990) . In the present Exp. 1, boars were treated with either 3.5 or 7 mg of pGH daily, which is approximately 29 to 58 p e g of BW at slaughter. In the present Exp. 2, boars were treated with 5 mg of pGH daily, which is equal to the higher dose used by Kuecker et al.
(1 990). Lundstrom et al. (1980) have reported that the combination of androstenone and skatole accounts for 50% of the variation in boar taint.
Thus, in Exp. 2, the actual contributions of androstenone and skatole to the boar odor of pork samples were evaluated using a trained sensory panel. In addition, the real importance of any differences was evaluated through the use of a consumer panel.
The trained panelists were unable to identify significant differences in odor intensities of androstenone and skatole among treatment groups. Although there were trends for skatole odor scores to increase and for odor scores of androstenone to decrease with dose of pGH, the variability of these measurements and lack of detectable skatole and(or) androstenone in some samples resulted in no significant difference among treatments. It is worth noting that the scores for androstenone and skatole odors in this study indicate that the concentrations of those compounds for both treated and control boars were well below the levels considered objectionable by Lundstrom et al. (1980) . Consumer panel evaluations gave similar results, showing no preference among samples from different treatments. These findings agree with another report (Judge et al., 1990 ) that has shown that incidence of boar taint is minimal in meat from young boars slaughtered at typical market weights. This further supports the observation in Exp. 1 that sensory panelists reported similar values for aroma of samples from barrows and boars. Reexamination of the need for castration of all male pigs intended for use as market animals may be warranted.
lmpllcatlons
Treatment of growing boars with porcine growth hormone did not materially reduce the incidence of boar taint in meat from those animals. The low levels of two components of boar taint, androstenone and skatole, detected by a trained sensory panel indicate that boar taint problems may be less apparent than previously believed. Boars can be treated with exogenous porcine growth hormone during the finishing phase without apparent impairment of reproductive development. The cost:benefit ratio of castrating all boar pigs not intended for use as herd sires needs to be reexamined.
